A 30 day tank feeding trial was conducted to determine the optimal dietary ration for large (initial size and length, 1.7 kg, 54.27 cm) two-year-old mulloway (Argyrosomus japonicus) grown in seawater during winter (July-August, water temperature 17.01-20.58°C). Mulloway fed at 0.6% body weight (BW) day -1 were underfed while feeding at 1.0% BW day -1 produced significant wastage, with up to 25% of the weekly ration uneaten. Differences in growth were also evident; fish fed at 0.8 and 1.0% BW day -1 grew significantly faster (SGR, 0.33 and 0.34% day -1 , respectively) than 0.6% BW day -1 (SGR, 0.23% day -1 ). Mulloway fed at 0.8% BW day -1 had the highest condition index (1.14), feed conversion efficiency (78.6%) with minimal wastage (0.31-2.1% of weekly ration un-eaten). The results of this study suggest that using a feeding rate of 0.8% BW day -1 has the potential to maximize growth, reduce feed wastage and lower costs of mulloway production.
INTRODUCTION
Production of mulloway in Australia and NSW was based on sea-cage culture (Quartararo 1996 ; Rimmer and Ponia 2007) but more recently, an emerging industry is developing using aerated brackish-water prawn ponds in sub-tropical latitudes (25-30 o ) (Guy and Cowden 2012, 2014) . Pond production techniques have been developed and a single-batch, a three-phase production system involving hatchery, fingerlings and grow-out phases is practiced with production rates of 12-14 tonnes ha -1 (Guy and Cowden 2012, 2015) . Feed costs account for 42.5% of the total variable costs ) and fish are fed a formulated, extruded, generic type marine fish's diet once or twice daily, and reach market size (2 kg live weight) in 22-24 months. To date, the fish has found a good market with top seafood restaurants (Guy and Nottingham 2014) .
One major constraint to further industry growth and profitability is a lack of knowledge about feed management and its efficient delivery. Previous studies have shown that, in the final year of grow-out (>1 kg live weight), food conversion efficiencies are poor (from 37-52%), well below the industry standard for marine fish and food wastage is a major issue (Guy and Cowden 2012) . Excessive nutrient loading from overfeeding can cause harmful dinoflagellate blooms within culture systems, and coastal eutrophication when discharged, impacting on local flora and faunal communities (Glibert and Terlizzi1999; Russell et al. 2005) .
Current research, however, has focused only on hatchery and juvenile feeding strategies for this species (Fielder et al. 2010; Pirozzi et al. 2010) despite the fact that the greatest cost-saving with respect to feed can be made at the final grow-out stages of farming. This is also evident from the large number of studies, over the last decade, which Okorie et al. 2013 ). The consequence is that there are almost no baseline data for large fish, and optimal feeding strategies and physiological responses to over or under feeding for fish greater than 1 kg to market size remain largely unknown for many species, including mulloway.
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Research to identify a suitable restricted ration for two-year-old mulloway is therefore a high priority for the industry and our approach has been to investigate the current feed management on farms while attempting to optimise existing feeding practices. In early spring (water temperature 18-20 o C), farmers feed anywhere from 0.6% to 1.0% body weight (BW) day -1 . The more conservative, keen to economise in a high feed cost environment, keep daily consumption to 10 g fish -1 for fish over 1 kg in size or 70kg ha -1 while others are convinced that high feed rates (1% BW day -1 ) result in faster growth and a shorter production cycle (Andrew Carroll, farm manager, Palmers Island Mulloway Pty. Ltd., personal communication). Since there is currently no consensus and evidence to suggest which feeding strategy is optimal the objective of this initial study was to determine the optimum ration level in order to support better industry feed management practices.
MATERIALS AND METHODS
Commercial diet
The feed used was an off-the-shelf 14 mm imported, formulated, extruded, fishmeal-based, sinking Japanese seabass (Lateolabrax japonicus) diet (Grobest Australia, Bray Investment Group Pty. Ltd.). Triplicate samples were analysed for proximate analysis by the Nutritional Biochemistry Laboratory, Coopers Plains, Brisbane, Queensland (Table 1) . We used the farmer's choice of feed in our study to ensure a relevant outcome that promotes adoption by industry.
Fish collection and maintenance procedures
Two-year-old mulloway (n=190) were collected in autumn from a commercial fish farm 1.5 months before the scheduled experiments. Captured fish were transported by road in an oxygenated 900 L transport tank at a density of 75kg m -3 to experimental holding tanks maintained in an outdoor undercover area. The top of the tanks were fitted with a dark green cloth to provide cover and shade and supplied with a high rate (20L min -1 ) of continuously exchanging filtered seawater. Dissolved oxygen was maintained by delivering approximately 10 L min -1 of air, via diffusers, to the bottom of these tanks which were subjected to natural photoperiod and ambient climatic conditions. Fish were hand-fed the commercial diet (10 g fish -1 ) for two weeks at noon every other day (M, W, F) and, two days prior to experimentation, all feed was withheld. The fish were also treated twice (two days apart) with 200 mg L -1 formalin for one hour, two weeks prior to experimentation to eliminate ectoparasites (Noga 2010 3 Dry matter; by heating to constant weight at 105°C with Nitrogen using aLECO Thermogravimetric Analyser 4 Ash; by further heating in the Thermo gravimetric Analyser at 600°C in an atmosphere of oxygen. 5 Total Nitrogen; combustion method using an ElementarRapidN III analyser. 6 Crude protein; total nitrogen multiplied by a factor, usually 6.25. 7 Gross energy; determined using a LECO Automatic Calorimeter. 8 Crude fat; soxhlet extraction using hexane for 16 hours. 9 Crude fiber; AOAC method adapted for the Fibertec 2021 Fibrecap System. [10] [11] Weight and diameter; from three separate bags (100 pellets each).
Tank stocking and design
Large mulloway (1.7 kg mean weight)with no deformities were stocked randomly into nine circular 3200 L tapered bottom polyethylene tanks at a stocking density of 11.3 kg m -3 (20 fish tank -1 ) in triplicate for each treatment (0.6%, 0.8%, 1.0% BW day -1 ). At the time of stocking there were no significant differences in the mean weight, length and condition of fish from the three feeding treatments (P>0.05) ( Table 2 ). All tanks were supplied with their own intake line for water and air and a two level external stand pipe allowed different water levels to be maintained. A 200 mm x 50 mm round air diffuser was positioned inside the tank, 30 cm above the 50 mm outlet hole, by fastening it to the metal frame above. There were no internal stand-pipe and the flow rate was set at 16 L min -1 for the duration of the experiment.
Feed type, delivery, collection and adjustment
Fish were fed the 14 mm commercial diet and for each bag used 100 pellets (dry weight) were individually weighed to determine a mean pellet weight (g). Fish were hand-fed a restricted ration (0.6%, 0.8%, 1.0% BW day -1 ) at noon, six days per week using the feeding regime detailed in Guy and Cowden (2014) . All uneaten pellets were collected by flushing the contents of the bottom external pipe into a coarse nylon net and then dried prior to counting (Helland et al. 1996) . Tanks were visually inspected to check that no pellets remained and pipes flushed a number of times to ensure they were empty. The inflow water remained on unless sampling was to occur and in these instances the flow rate was reset to 16 L min -1 using a stopwatch and 5 L container. At day 16 all fish in each tank were anaesthetized with AQUIS (15 mg L -1 ), counted, bulk-weighed and returned to a cleaned tank. Mean weight and biomass were determined and the daily rations adjusted to account for growth.
Water quality
Water quality testing was conducted twice daily, six days per week (am and pm) using a U-52 Horiba hand held multi-meter. Parameters recorded were pH (range 7.77-8.13) dissolved oxygen (6.27-8.76mg L -1 ), salinity (32.9-33.9ppt), conductivity (50.5-51.9mScm -1 ), turbidity (NTU) (0.1-1.0mg L -1 ), total dissolved solids (TDS) (30.3-31.1mg L -1 ) and this variation was common across all treatments. Water temperature (17.01-20.58°C) was recorded in triplicate at hourly intervals using calibrated submersible temperature loggers (iBCod 22L, Thermodata Pty. Ltd.). Water samples (100 mL) were collected twice weekly (am and pm) to determine the total ammonia nitrogen (TAN) (0.08-0.79 mg L -1 ) using a Palintest photometer 7100. Un-ionised ammonia nitrogen (NH3-N) (0.01-0.03mg L -1 ) was calculated from an online ammonia calculator using TAN, salinity, pH and temperature data.All water quality parameters were within the acceptable limits for marine finfish, however, these parameters are likely to vary more in a commercial pond grow-out environment (Guy and Cowden 2012).
Data/statistical analysis
At the termination of the experiment (day 30), all fish in each tank were anaesthetized with AQUIS (15 mg L -1 ), individually counted, weighed and measured to determine survival rate, mean weight and length, condition index (CI =10 5 W/L 3 where W is weight and L is total length of the fish), absolute growth rate (AGR = (W2-W1)/t2-t1 increment of weight W2-W1 over a known time (t); g fish -1 day -1 ), specific growth rate (SGR= 100 x (loge final wt.-loge initial wt.)/days; % day -1 ), feed conversion ratio (FCR = dry feed intake (g)/wet weight gain (g)), feed conversion efficiency (FCE = wet weight gain(g) x 100/dry feed intake (g)) and protein efficiency ratio (PER = wet weight gain (g) /protein intake (g)). For statistical analysis the SPSS Version 22 software package (IBM) was used to conduct One Way ANOVAs with three repetitions (n = 3 tanks, mean of 20 fish tank -1 )for growth performance and feed efficiency data. Means were compared using the Tukeys Honestly significant difference (HSD) method (P= ≤ 0.05).
RESULTS
Feed utilisation
Daily feed intake was consistent in fish fed at 0.6% and 0.8% BW day -1 but became highly variable (erratic) in fish fed at 1.0% BW day -1 after day 4, and this trend continued throughout the experiment (Fig.  1) . Fish fed at 0.6% BW consumed all of their food with little to no wastage (<0.5% of all four weekly totals) (Fig. 2) . However, mulloway fed at 1.0% BW day -1 were overfed with a large amount of pellets recovered from each daily feed. On a weekly basis, the proportion of ration uneaten was variable and ranged from 8 to 25% (Fig. 2) . The 0.8% BW day -1 was close to optimal with less than 1% wastage from weeks 1-3 and 2% in week 4; there was no significant difference between the 0.6% and 0.8% BW day -1 feeding rate. Mulloway fed at 0.8% BW also had the lowest FCR and best feed efficiency and protein efficiency ratio ( Table 2) . 
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Growth performance
Fish fed at 0.6% BW day -1 had significantly slower growth and weight gain than fish fed at 0.8 % and 1.0% BW day -1 , but this was not reflected in their condition or feed efficiency (Table 2) . Mulloway fed at 1.0% BW day -1 showed the highest initial growth from 0-16 days (0.39% day -1 ), but this declined from 17-30 days (0.26% day -1 ) (Fig. 3) . Mulloway fed 0.8% BW day -1 had the highest condition index (1.14) and less variation in growth rate over the sampling period (0.34 and 0.32 % day -1 after 0-16 and 17-30 days, respectively).
DISCUSSION
Determining the optimum ration for best growth is one of the most difficult and important aspects of aquaculture (De Silva and Anderson 1995). The results of our preliminary study indicate that the optimum feeding rate for large mulloway (1.7 -1.9 kg) grown in seawater (33.5 ppt) at a mean water temperature of 18.8°C (range 17-20.6°C) lies close to 0.8% BWday -1 . Here growth (SGR 0.33 % day -1 ) was as good as fish fed to satiation (1.0% BW day -1 , SGR 0.34 % day -1 ), but more consistent, and feed wastage was low (0.31-2.1% of the weekly ration uneaten). This study also shows that two-year-old mulloway grow well at lower water temperatures (down to 18°C) than reported to be optimal for this species, although much of this work is only for small fish. Thermal studies on Juvenile mulloway by Bernatzeder .3°C and 28.5 °C for 20g, 24g and 182g fish, respectively, with food conversion efficiency maximized at a lower temperature (21.7 °C) than the optimal temperature for growth (Collett et al. 2008 ). We propose that larger mulloway have a lower temperature range for optimal metabolic function (Guy and Cowden 2014), however this remains to be tested. Handeland et al. (2008) study showed that the optimum temperature for fed conversion efficiency varied among size classes of Atlantic salmon (Salmo salar); larger fish (170-300g) had a much lower (11.0°C) optimal growth temperature than smaller (70-150g) fish (13.4°C).This has implications for the aquaculture of mulloway, particularly in terms of the seasonal temperature profiles at locations for culture, making colder water more attractive for large fish grow-out to market size and highlights the importance of doing research withmarket size fish. This has also been the experience with the meagre (Argyroso musregius), a Mediterranean species from the same family with best reported growth between 17-21 °C and reduced feeding activity at 13-15 °C (Monfort 2010).
There is very little published information for comparison with our results: most previous studies have focused on small or juvenile mulloway ranging in size from 7-40 g (3-5.1% BW day -1 ) (Collett 2007; Collett et al. 2008; Daniel 2004; Doroudi et al. 2004 Doroudi et al. , 2006 ) and plate-sized fish (400-677 g, 1.1-1.75 % biomass day -1 ) grown in sea-cages and ponds (Allan et al. 2008; Mosig 2007; Quartararo 1996) . As such, this study provides the first experimental data on feed optimisation in large mulloway and this has important implications for industry.
This study clearly demonstrates that a strategy aimed at maximising growth through high feeding rates (1.0% BW day -1 ) will be inefficient, lead to significant wastage (8-25%) and highly variable daily intake. At the other end of the scale feeding well below this rate (such as 0.6% BW day -1 ) will negatively impact growth and extend the production cycle. Our past work has identified that around 4.8 tonnes of feed pond -1 (six days week -1 ), worth AU$9,600 (AU$2 kg -1 ), is consumed in the eight weeks of spring grow-out to market size with poor feed conversion and serious water quality issues (Guy and Cowden 2012) . At this delivery rate dense phytoplankton blooms developed, leading to dissolved oxygen depletion and high ammonia levels when they senesced, causing stress and mortality of fish (Hargreaves and Tucker 2005) . By contrast, farmers adopting an industry standard of 0.8% BW day -1 at spring deliver only 3.84 tonnes of feed pond -1 , a saving of 120 kg week -1 pond -1 in direct feed costs worth AU$1, 920 ponds -1 . Indirect savings on aeration and water exchange (pumping) use are also likely, as water quality improves and blooms become manageable.
While this is an important initial finding it remains to be tested under commercial culture conditions and the validation of this rate, through a series of on-farm feeding trials, would be an avenue for future work. This initial work in tanks, however, has been crucial in narrowing the range of values for further experimentation and refinement.
This study also provides important baseline information that large mulloway respond, in a similar way to other carnivorous fish, to the reported relationships between feeding level, growth rate and feed efficiency (Kim et ; Xiao-Jun and Ruyung 1992). In each of these cases, the conversion efficiencies increased with increased ration size, from zero value at the maintenance ration to a peak at the optimum ration size, then decreased with further increases in ration size. One unexpected result, however, was the significant drop in specific growth rate of fish fed at 1.0% BW day -1 from day 17 -30 ( Fig. 3) , despite eating more food than fish fed at 0.6 % and 0.8% BW day -1 over this period.A possible explanation is that excessive eating (to satiation) causes progressive gastrointestinal issues in mulloway, overloading the stomach and intestine, and decreasing the efficiency of digestion and absorption, which limits the supply of energy destined to growth (Brett and Grove 1979; Hardy 1998 ). For example, in gilthead sea bream (Sparus aurata), increased feed uptake led to a rise in oxygen consumption (Guinea and Fernandez 1997) and such responses can decrease the efficiency of feed absorption by up to 15% (Elliott 1982; Jobling 1994 ); although we found no evidence of lower dissolved oxygen levels in the 1.0% BW day -1 fed tanks. Lower levels are, however, a common occurrence in static water ponds with dissolved oxygen levels of 3 mg L -reported in mulloway ponds (Guy and Cowden 2012) .
Large mulloway may therefore be particularly sensitive to overfeeding with one symptom or negative effect reduced growth and there appears to be a ration threshold above which the digestion physiology alters, however this remains to be tested. Du et al. (2006) reported that when feeding rate exceeded 2% BW day -1 in juvenile grass carp (Ctenopharyngodon idella) the apparent digestibility coefficient decreased quickly and growth reduced. Negative effects have also been reported for African catfish (Clarias gariepinus) (Henken et al. 1985) and brown trout (Salmo trutta) (Elliott 1976 ) but the effect of feeding rate on apparent digestibility has been shown to be species specific with a positive and no effect demonstrated in southern catfish (Xie and Sun 1993) and walleye (Stizostedion vitreum) (Kelso 1972) , respectively. Future work to monitor the apparent digestibility of the food, by collecting the faeces of large mulloway would provide more insight into the digestion and utilization of the feed at different levels of feeding.
In conclusion, the successful adoption of these results has the potential to make mulloway production more efficient, environmentally friendly and sustainable.
